® 



Europaisches Patentamt 
European Patent Office 
Office europ6en des brevets 





@ Publication number: 0 519 689 A2 



12 



EUROPEAN PATENT APPLICATION 



@ Application number : 92305522.2 
@ Date of filing : 16.06.92 



© int. CI. 5 : G01M3/10 



@ Priority : 24.02.92 US 840097 

20.06.91 US 718564 

@ Date of publication of application : 

23.12.92 Bulletin 92/52 

@ Designated Contracting States : 
BE DE ES FR GB IT NL SE 

@ Applicant : EXPERTEK 
20101 Hoover Road 
Detroit, Michigan 48205 (US) 



@ Inventor : Peake, Don A. 
19648 Robert 

Mt Clemens, Michigan 48043 (US) 
Inventor : Weymouth, Brian M. 
415 Michigan Avenue 
Marysvllle, Michigan 48040 (US) 

(g) Representative : Williams, Trevor John 

J.A. KEMP & CO. 14 South Square Gray's Inn 
London WC1R 5LX (GB) 



00 
CD 

o> 

UP) 



(g) Leak detection by observing bubbles in a liquid pool. 

(57) The present invention is an apparatus and 
method for detecting a leak from an object. A 
bubble collecting tube is used for collecting 
bubbles emitted from an object and a bubble 
detecting assembly adjacent the bubble collect- 
ing tube is used for detecting a predetermined 
volume of bubbles collected in the bubble col- 
lecting tube to indicate a leak in the object 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates generally to leak 
detection and, more particularly, to an apparatus and 
method for detecting leaks based on a volume of bub- 
bles emitted from an object. 

2. Description of Related Art 



Several leak quantifying apparatuses and meth- 
ods are commonly used in industry. An example of 
one such leak quantifying apparatus and method is 
disclosed in U.S. Patent No. 4,879,907 to Patterson 
5 et al. This patented apparatus is a soap film flowmeter 
which may be used to measure the flow rate of gas 
leaking from an object over a period of time. The pa- 
tented flowmeter includes an inverted U-shaped gas 
flow tube adjustably mounted in a sensor assembly. 
10 The flowmeter measures the flow rate of the gas leak 
by admitting the gas into an inlet of the gas flow tube, 
introducing a soap film into the interior of the gas flow 
tube in a region adjacent the inlet, and permitting the 
entering gas to propel the soap film within the tube 
past a sensing region. The sensing region measures 
the elapsed time of the soap film past a pair of detec- 
tors and displays the result as a flow rate of the gas 
leak. 

One problem of the above-patented flowmeter is 
that the flow rate of individual bubbles is measured to 
detect a leak. This is undesirable because the flow 
rate may vary between individual bubbles. Another 
problem of the patented flowmeter is that the volume 
of bubbles emitted from an object cannot be quanti- 
fied. Yet another problem of the patented flowmeter 
is that a soap'f ilm is required to measure the flow rate 
of the gas leak. This is also undesirable because soap 
films are messy and must be continually supplied. 

SUMMARY OF THE INVENTION 

It is, therefore, one object of the present invention 
to provide an apparatus and method for detecting a 
leak by measuring a volume of bubbles emitted from 
an object 

It is another object of the present invention to 
quantify the volume of bubbles emitted from an ob- 
ject. 

It is a further object of the present invention to 
provide a new and improved leak detection apparatus 
and method. 

It is also a further object of the present invention 
to provide a single station or multiple station appara- 
tus with various leak rate detection at different captur- 
ing areas. 

It is still a further object of the present invention 
to provide an apparatus which is adjustable with vari- 
ous set points for different leakage rates. 

To achieve the foregoing objects, the present in- 
vention is an apparatus for detecting a leak from an 
object The apparatus includes bubble collecting 
means for collecting bubbles emitted from the object 
and bubble detecting means adjacent the bubble col- 
lecting means for detecting a predetermined volume 
of bubbles collected to indicate a leak in the object 

The present invention is also a method for detect- 
ing a leak from an object. The method includes the 
steps of collecting bubbles emitted from an object in 



Numerous components are manufactured which 
must meet a standard for a 'leak tightness". Leak 
tightness is a relative term, as nothing can ever be 
completely free of leakage. A balance must be made 15 
between the increasing cost of finding smaller and 
smaller leaks and their importance to the functioning 
of the component over its useful life. Leak tightness is 
the practical leakage that is acceptable under normal 
operating circumstances. 20 

Components which require some degree of leak 
tightness, for example, include fuel tanks, radiators, 
fuel systems, water pumps, wheels, refrigeration sys- 
tems, heater cores, torque converters, hydraulic and 
pneumatic systems, etc. The acceptable leakage will 25 
depend upon the usage of the component with re- 
spect to the type of fluid which must be contained, i.e. 
a gas or a liquid, and whether or not the contents will 
be pressurized. 

There are many devices available to test for the 30 
presence of a leak. One method is mass spectroscopy 
where a high vacuum is drawn around the component 
and a test gas (helium) is introduced into the compo- 
nent. A spectrometer is used to scan the vacuum 
space for the presence of helium. Another "test gas" 35 
leak detection method is described in U.S. Patent No. 
4,862,731, in which the vacuum exhaust is run past 
a test gas sensor. It is extremely difficult to quantify 
a leak using a test gas method of detection because 
of the difficulty in measuring the amount of trace gas 40 
emitted through the leak. Another method of leak de- 
tection is air pressure decay where a leak will reduce 
the vacuum in or surrounding the component tested. 
While this method does provide a measure of leak 
quantification, the air pressure decay is time consunv 45 
ing and not well suited for small leaks. 

Along-used leak detection technology is the bub- 
ble detection method in which a component is sub- 
merged in a liquid such as water and bubbles emerg- 
ing from the component indicate a leak. Improve- so 
ments on this bubble detection method are shown in 
U.S. Patent Nos. 3,590,256; 4,854,158; 4,924,694 
and 4,903,524. 

While these various devices can identify a "leak" 
by detecting the passage of one or more bubbles ss 
through a given area, and can even count the bubbles 
passing, none can accurately quantify the volume of 
the bubbles over time and thus the size of the leak. 
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a bubble collecting means. The method also includes 
detecting a volume of bubbles collected with a bubble 
detecting means adjacent the bubble collecting 
means to indicate a leak in the object. 

One advantage of the present invention is that a s 
volume of bubbles emitted from an object is collected 
and measured to detect a leak rather than a flow rate 
of individual bubbles. Another advantage of the pres- 
ent invention is that the volume of bubbles emitted 
from the object can be quantified. Still another advan- 10 
tage of the present invention is that actual leak rates 
of objects can be determined by measuring the bub- 
bles collected over time. A further advantage of the 
present invention is that it can be automatic or port- 
able. A still further advantage of the present invention 1 s 
is that the apparatus can be a single station tool or a 
multiple station tool with various leak rate detection at 
different capturing areas. Yet another advantage of 
the present invention is that the apparatus is adjust- 
able with various set points fordif ferent leakage rates. 20 

Other objects, features and advantages of the 
present invention will be readily appreciated as the 
same becomes better understood after reading the 
following description in light of the accompanying 
drawings. 25 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an elevational schematic view of a bub- 
ble emission volume quantifier apparatus according 30 
to the present invention. 

FIG. 2 is an elevational schematic view of a first 
alternate embodiment of the apparatus of FIG. 1 . 

FIG. 3 is an elevational schematic view of a sec- 
ond alternate embodiment of the apparatus of FIG. 1 . 35 

FIG. 4 is an elevational schematic view of a third 
alternate embodiment of the apparatus of FIG. 1. 



DESCRIPTION OF THE PREFERRED 
EMBODIMENT^) 



40 



Referring to FIG. 1, a bubble emission volume 
quantifier apparatus 10 according to the present in- 
vention is shown. The apparatus 1 0 is adapted for use 
in a holding tank 12 which contains a quantity of fluid 45 
14 such as water having a level at 16. The apparatus 
10 detects a leak in an object 18 such as a fuel tank 
by measuring a volume of bubbles 20 emitted from the 
object 18. It should be appreciated that the bubbles 20 
are emitted when the object 18 is submerged in the so 
fluid 14 below the level 16. It should also be appreci- 
ated that suitable means may be provided to lower 
and raise the object 18 into and out of the fluid 14 in 
the holding tank 12 as disclosed in U.S. Patent No. 
4,924,694, the disclosure of which is hereby incorpo- 55 
rated by reference. 

The apparatus 10 includes a flow capturing or 
bubble collecting tube 22 for collecting the bubbles 20 



emitted from the object 1 8. The bubble collecting tube 
22 is a generally elongated and linear tube having a 
tapered or frustoconical portion 24 to a reduced diam- 
eter portion 25 at one end. The bubble collecting tube 
22 has an inlet 26 at the end opposite the reduced di- 
ameter portion 25 and an outlet 28 at the end of the 
reduced diameter portion 25. Preferably, the bubble 
collecting tube 22 is made of a transparent material 
such as glass or clear plastic. It should be appreciated 
that the bubble collecting tube 22 may be made of any 
suitable material such as plastic. 

The apparatus 10 also includes a purge valve 30 
at the outlet 28 to purge gas such as air from the bub- 
ble collecting tube 22. The purge valve 30 is conven- 
tional and may be manually or automatically operat- 
ed. It should be appreciated that the bubble collecting 
tube 22 is disposed within the fluid 14 and the purge 
valve 30 remains above the level 16 of the fluid 14. It 
should also be appreciated that the purge valve 30 
purges the gas to atmosphere. 

The apparatus 10 further includes a bubble de- 
tecting assembly, generally indicated at 32, adjacent 
the bubble collecting tube 22 for detecting a predeter- 
mined volume of bubbles 20 collected in the bubble 
collecting tube 22 to indicate a leak in the object 18. 
The bubble detecting assembly 32 includes a first 
pick-up probe or wire 34 extending through the bubble 
collecting tube 22 and into the interior thereof near the 
inlet 26. The bubble detecting assembly 32 also in- 
cludes, at least one, preferably a plurality of second 
pick-up probes or wires 36 extending through the bub- 
ble collecting tube 22 and into the interior thereof a 
predetermined distance from the outlet 28. Prefer- 
ably, the second pick-up wires 36 are spaced equally 
along the bubble collecting tube 28 from each other. 
Each second pick-up wire 36 is located at a predeter- 
mined distance from the outlet 28 and represents a 
predetermined volume of the bubble collecting tube 
22. The first and second pick-up wires 34 and 36 are 
made of a non-corroding material. Preferably, the first 
and second pick-up wires 34 and 36 are made of a 
metal material which is gold plated. 

The bubble detecting assembly 32 further in- 
cludes a controller 38 electrically connected to the 
first and second pick-up wires 34 and 36, respective- 
ly. The controller 38 is connected to or may include a 
source of power (not shown) such as a low voltage di- 
rect current (D.C.) power source. The controller 38 
provides a positive electrical charge or voltage to the 
first pick-up wire 34 and a negative electrical charge 
or voltage to the second pick-up wires 36. When the 
bubble collecting tube 22 is disposed in the fluid 14 a 
sufficient distance below the level 16, fluid fills the in- 
terior of the bubble collecting tube 22 between the first 
and second pick-up wires 34 and 36 and acts as an 
electrical conducting medium. As a result, a low vol- 
tage current flows from the first pick-up wire 34 
through the fluid 14 to the second pick-up wires 36. It 



3 



5 



EP 0 519 689 A2 



6 



should be appreciated that the controller 38 may be 
connected to an alternating current (A.C.) power 
source and have a transformer for converting the A.C. 
to D.C. It should also be appreciated that the control- 
ler 38 may be connected to the purge valve 30 to con- 5 
trol the opening and closing of the purge valve 30. 

The controller 38 may include a display 40 such 
as LE.D. lights, L.E.D. displays or analog outputs. 
The controller 38 may also be programmable for au- 
tomatic sequencing of the method to be described. w 
The controller 38 may further include a clock (not 
shown) to provide and measure time periods. Such a 
controller 38 may be of a type 80C31 microprocessor 
commercially available from Intel Corporation. It 
should be appreciated that the controller 38 may dis- 15 
play the flow rate of the volume of bubbles collected 
through calculating parameters programmable into 
the controller 38. Similarly, since a vacuum may be 
drawn over the water surface or pressurized air inject- 
ed into the object 1 8, the controller 38 may determine 20 
a relative volume or flow and calculate or convert to 
an absolute or comparative figure. 

The apparatus 10 may include a diverter 42 ad- 
jacent the inlet 26 of the bubble collecting tube 22. The 
diverter 42 is used to divert bubbles 20 away from the 25 
inlet 26 of the bubble collecting tube 22 until a prede- 
termined time to reduce bubble adhesion to interior 
surfaces of the bubble collecting tube 22. The diverter 
42 is a stand-by diverter which is moveable to open 
and close the inlet 26 of the bubble collecting tube 22. 30 
It should be appreciated that suitable means may be 
provided to support and/or move the diverter 42. 

The apparatus 10 may further include a channel- 
ing device 44 adjacent the inlet 26 of the bubble col- 
lecting tube 22 to guide or channel bubbles 20 into the 35 
inlet 26. The channeling device 44 is preferably funnel 
orfrustoconically shaped. The channeling device 44 
may be integral with the bubble collecting tube 22 or 
attached thereto. It should be appreciated that suit- 
able means may be provided to support the channel- 40 
ing device 44 below the inlet 26 of the bubble collect- 
ing tube 22. It should also be appreciated that the di- 
verter 42 and channeling device 44 may be optional. 

Accordingly, the present invention provides a 
method of operation for detecting a leak in the object 45 
18. In operation, the object 18 is submerged in the 
holding tank 12 below the level 16of the fluid 14. The 
bubble collecting tube 22 is also submerged in the flu- 
id 14 a sufficient distance such that the second pick- 
up wires 36 are disposed below the level 16 of the flu- 50 
id 14. The purge valve 30 is actuated to purge any gas 
from the bubble collecting tube 22 such that fluid 14 
fills the interior of the tube 22 and has a barrier or sur- 
face 46 at the same level as level 16 of the fluid 14. 
The inlet 26 of the bubble collecting tube 22 is dis- 55 
posed above the object 18 and over the location 
where bubbles 20 are being emitted. It should be ap- 
preciated that the barrier 46 is originally at a prede- 



termined distance from the outlet 28 to provide a pre- 
determined volume of gas within the tube 28. 

When desired or at the beginning of a time period, 
the diverter 42 is moved to open the inlet 26 to the 
bubbles 20 emitted from the object 18. The bubbles 
20 enter the bubble collecting tube 22 through the inlet 
26 and collect near the outlet 28. As the bubbles are 
collected or accumulated, the volume formed pushes 
fluid 14 from the bubble collecting tube 22 through the 
inlet 26. As a result, the barrier 46 of the fluid 14 in the 
bubble collecting tube 22 moves toward the inlet 26. 
When the barrier 46 moves below a second pick-up 
wire 36, negative voltage or current flow to that pick- 
up wire 36 is interrupted. As a result, the controller 38 
displays readings on the display 40 which may corre- 
spond either to the volume of bubbles 20 collected or, 
if time has been measured, the leak rate of the object 
1 8 in terms of volume of bubbles collected over time. 
It should be appreciated that the original volume of 
gas within the bubble collecting tube 22 after purging 
is factored into the displayed readings. 

Referring to FIG. 2, a first alternate embodiment 
110 of the apparatus 10 of FIG. 1 is shown. Like parts 
of the apparatus 10 have like numerals increased by 
one hundred (100). The apparatus 110 has a bubble 
collecting tube, generally indicated at 122, with a gen- 
erally inverted U-shape. The bubble collecting tube 
122 has an entry portion 148 connected to a bend 
portion 150 which, in turn, is connected to a detection 
portion 152. The entry portion 148 has an inlet 154 
and a channeling device 144 connected at the inlet 
154. Preferably, the channeling device 144 is integral 
with the entry portion 148. The bend portion 150 has 
a purge port 156 at an apex thereof. The purge valve 
130 is connected to the bend portion 150 at the purge 
port 156. The purge valve 130 operates similar to the 
purge valve 30. The detection portion 152 has an out- 
let 158 at one end thereof. The entry portion 148, 
bend portion 150 and detection portion 152 are inte- 
gral and preferably of the same diameter. 

The bubble detecting assembly 132 is adjacent 
the detection portion 152 of the bubble collecting tube 
122. The bubble detecting assembly 132 includes a 
plurality, preferably a pair of first sensors 1 60 and sec- 
ond sensors 162 disposed longitudinally along the de- 
tection portion 152. The first sensors 160 are spaced 
longitudinally from the second sensors 162 along the 
detection portion 152. The first and second sensors 
160 and 162 are, preferably fiber optic connectors, 
connected to fiber optic cables 164 and 166, respec- 
tively. The sensors 160 and 162 receive light from light 
sources (not shown) which is transmitted through the 
cables 1 64 and 1 66. The cables 1 64 and 1 66 are con- 
nected at their other ends to photocells or photo- 
diodes (not shown) in the controller 38 which convert 
the light to an electrical signal. The first and second 
sensors 160 and 162 are disposed on the detection 
portion 152 to eliminate false signals from foaming 
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which may occur on the entry portion 148 when bub- 
bles 20 are collected. 

In operation, the bubble collecting tube 122 is 
submerged in the fluid 14 a sufficient distance such 
that the first and second sensors 1 60 and 1 62 are dis- 5 
posed below the level 16 of the fluid 14. The purge 
valve 130 is actuated to purge gas from the bubble 
collecting tube 122 to atmosphere such that fluid 14 
fills the interior of the bubble collecting tube 122 and 
has a barrier 46 in the entry portion 148 and detection 10 
portion 152 at the same level as level 16 of the fluid 
14. 

When desired or at the beginning of a time period, 
bubbles 20 enter the bubble collecting tube 122 
through the channeling device 144 and inlet 1 54 and 15 
collect in the bend portion 1 50. As the bubbles are col- 
lected or accumulated, the volume formed pushes flu- 
id 14 from the bubble collecting tube 122 through the 
inlet 154 and outlet 158. As a result, both barriers 46 
of the fluid 14 in the bubble collecting tube 1 22 move 20 
toward the inlet 154 and outlet 158. Since the tube 122 
is closed to the atmosphere, the air pressure in the 
bend portion 150 will increase as bubbles are collect- 
ed, lowering each barrier 46 equally. In this embodi- 
ment, only half of the bubble volume is actually meas- 25 
ured, which is included in volumetric or flow calcula- 
tions. When the barrier 46 on the detection portion 
1 52 moves below the first sensors 160, the light trans- 
mission to the first sensors 160 is interrupted. This 
causes an interruption in the signal from the photo- 30 
diodes which is detected by the controller 38. In this 
embodiment the first sensors 160 act as an accept- 
able trip point for leak detection. As the bubbles 20 
continue to collect, the barrier 46 on the detection por- 
tion 152 moves below the second sensors 162 which 35 
operate similar to the first sensors 160. The second 
sensors 162 act as a reject trip point for leak detec- 
tion. Thus, if the bubbles 20 collected from the object 
18 trip the second sensors 162, the object 18 will be 
rejected as having undesired leakage. 40 

Referring to FIG. 3, a second alternate embodi- 
ment 21 0 of the apparatus 1 0 of FIG. 1 is shown. Like 
parts have like numerals increased by two hundred 
(200). The apparatus 21 0 has a bubble collecting tube 
222 which is similar to the bubble collecting tube 122 45 
of FIG. 2 and like parts are increased by one hundred 
(100). In the apparatus 210, the first and second sen- 
sors 160 and 162 are replaced by a plurality of sen- 
sors 270 disposed along the detection portion 252. 
Preferably, the sensors 270 are pairs of fiber optic so 
connectors connected to fiber optic cables 272 and 
operate similar to sensors 160 and 162. Each pair of 
fiber optic connectors are spaced equally along the 
detection portion 252 from each other and represent 
a predetermined volume of the bubble collecting tube 55 
222. The apparatus 210 operates similar to apparatus 
110. It should be appreciated that suitable means are 
provided for mounting the sensors 270 to the bubble 



collecting tube 222. It should also be appreciated that 
when each pair of sensors 270 are tripped, the con- 
troller 38 may display readings corresponding to the 
volume of bubbles collected or leak rate of the object 
18. 

Referring to FIG. 4, a third alternate embodiment 
310 of the apparatus 10 of FIG. 1 is shown. Like parts 
have like numerals increased by three hundred (300). 
The apparatus 310 includes a bubble capturing de- 
vice 380. The bubble capturing device 380 is gener- 
ally rectangular in shape although any suitable shape 
may be used. The apparatus 310 also includes a bub- 
ble collecting tube 322 formed within the bubble cap- 
turing device 380. The bubble collecting tube 322 has 
an inlet 326 and an outlet 328 at the opposite end. It 
should be appreciated that a purge valve (not shown) 
is connected to the outlet 328 to purge gas such as 
air from the bubble collecting tube 322. The apparatus 
310 further includes a channeling device 344 adja- 
cent the inlet 326 and formed within the bubble cap- 
turing device 380. The channeling device 344 is pre- 
ferably funnel or frustoconically shaped. It should be 
appreciated that the bubble capturing device 350 is 
supported by suitable means in the holding tank 1 2 as 
disclosed in U.S. Patent No. 4,924,691. 

The apparatus 310 includes a plurality, preferably 
a pair of sensors 382, which extend through the bub- 
ble capturing device 380 and are opposed from each 
other along the bubble collecting tube 322. The sen- 
sors 382 are, preferably fiber optic connectors, con- 
nected to fiber optic cables 384. The sensors 382 re- 
ceive light from light sources (not shown) which is 
transmitted through the cables 384. The apparatus 
310 also includes at least one pick-up probe or wire 
386 extending through the bubble capturing device 
380 and bubble collecting tube 322 and into the inter- 
ior thereof a predetermined distance from the outlet 
328 and represents a predetermined volume of the 
bubble collecting tube 322. It should be appreciated 
that the pick-up wire 386 is electrically connected to 
a controller (not shown). It should also be appreciated 
that a second pick-up wire (not shown) may be pro- 
vided such that a positive electrical charge or voltage 
is provided to pick-up wire 386 and a negative elec- 
trical charge or voltage is provided to the second pick- 
up wire to allow electrical current to follow therebetw- 
een 

The apparatus 310 may include a guide panel 
388 to deflect any bubbles 20 rising from the object 
18 into the bubble capturing device 380. The guide 
panel 388 is disposed in an angular position to the 
bubble capturing device 380. The guide panel 388 
may be similar to that disclosed in U.S. Patent No. 
4,924,694. 

In operation, an object 18 is disposed or sub- 
merged in a holding tank 1 2 below the level of the fluid 
14. The bubble capturing device 380 is also sub- 
merged in the fluid 14 a sufficient distance such that 
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the pick-up wire 386 is disposed below the level 16 of 
the fluid 14. The purge valve is actuated to purge any 
gas from the bubble collecting tube 322 such that fluid 
fills the interior of the bubble collecting tube 322 and 
has a barrier or surface 390 at the same level as level s 
16 of the fluid 14. The bubble capturing device 380 
and guide panel 388 are disposed above the object 1 8 
where bubbles 20 are being emitted. The bubbles 20 
may travel along the guide panel 388 and channeling 
device 344 and enter the bubble collecting tube 322 10 
through the inlet 326. 

When a bubble 20 passes through the sensors 
382, a signal is sent to the controller and initiates a 
start test function, which allows a predetermined 
amount of time to fill the volume above the pick-up is 
wire 386 with bubbles 20 from the object 18. If the vol- 
ume above the pick-up wire 386 breaks continuity at 
the pick-up wire 386 during the allowed time, a reject 
signal will be displayed by the controller. If the barrier 
does not break continuity at the pick-up wire 386 dur- 20 
ing the allowed time, the controller may display an ac- 
ceptance signal. It should be appreciated that suitable 
means may be provided to reset the controller for an- 
other test 

The apparatus 310 of the present invention may 25 
be provided as singly or in multiples as a single station 
or multiple station tool. The apparatus 310 can also 
accommodate different leakage rates per specified 
volumes through the calculation of time vs. leak rates, 
which may be incorporated in the controller. 30 

Referring to FIG. 1 , the apparatus 1 0 may also in- 
clude a start test probe or wire 487 extending through 
the bubble collecting tube 22 and into the interior 
thereof near the outlet 28. The start test wire 487 is 
connected to the controller 38. When bubbles 20 are 35 
emitted from the object 28, the bubbles 20 enter the 
bubble collecting tube 22 and break the continuity at 
the start test wire 487 to initiate a start test on a clock 
or timer (not shown) in the controller 38 to measure 
the leak rate or provide an acceptance or reject signal 40 
if a single pick-up wire 36 is provided. It should be ap- 
preciated that the apparatus 310 may include a start 
test wire instead of the sensors 382. 

Accordingly, the present invention may be auto- 
matic or a portable hand held unit The present inven- 45 
tion can be used to quantify leaks in various parts or 
a plurality of the units may be used to test a number 
of zones of a given part The present invention may 
be used to display actual leak rates through calculat- 
ing parameters programmed within the controller. so 
One embodiment of the present invention uses low 
voltage D.C. power in water as the conductor. The 
present invention may have suitable trip points for a 
go/no go situation. In another embodiment, a gener- 
ally U-shaped bubble collecting tube may be used 55 
with sensors on a detection portion opposite an entry 
portion to eliminate the effects of foaming. 

The present invention has been described in an 



illustrative manner. It is to be understood that the ter- 
minology which has been used is intended to be in the 
nature of words of description rather than of limitation. 

Many modifications and variations of the present 
invention are possible in light of the above teachings. 
Therefore, within the scope of the appended claims, 
the present invention may be practiced otherwise 
than as specifically described. 



Claims 

1 . An apparatus for detecting a leak from an object, 
comprising: 

a bubble collecting tube for collecting bub- 
bles emitted from an object; and 

a bubble detecting assembly adjacent said 
bubble collecting tube for detecting a predeter- 
mined volume of bubbles collected to indicate a 
leak; 

said bubble detecting assembly compris- 
ing a first probe and at least one second probe 
spaced from said first probe, said first and sec- 
ond probes being connected to said bubble col- 
lecting tube and extending into an interior thereof. 

2. An apparatus as set forth in claim 1 including a 
plurality of said second probes. 

3. An apparatus as set forth in claim 1 including 
means for applying a positive electrical voltage to 
said first probe and a negative electrical voltage 
to said second probes, whereby the volume of 
bubbles collected interrupts the voltage applied 
when fluid adapted to be disposed in said bubble 
collecting tube does not contact said first and 
second probes. 

4. An apparatus as set forth in claim 1 wherein said 
apparatus is configured to be held by hand. 

5. An apparatus for detecting a leak from an object, 
comprising: 

bubble collecting means for collecting bub- 
bles escaping from the object; 

said bubble collecting means comprising a 
bubble collecting tube having at inlet for entry of 
bubbles into said bubble collecting tube; 

bubble detecting means adjacent said 
bubble collecting means for detecting a predeter- 
mined volume of bubbles collected to indicate a 
leak; and 

a diverter means for diverting bubbles 
away from said inlet of said bubble collecting 
tube. 

6. An apparatus for detecting a leak from an object, 
comprising: 
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bubble collecting means for collecting bub- 
bles escaping from the object; 

said bubble collecting means comprising a 
bubble collecting tube having at inlet for entry of 
bubbles into said bubble collecting tube; s 

bubble detecting means adjacent said 
bubble collecting means for detecting a predeter- 
mined volume of bubbles collected to indicate a 
leak; and 

said bubble detecting means comprising a w 
first probe connected to said bubble detecting as- 
sembly, said first probe extending into the interior 
of said bubble detecting assembly. 

7. An apparatus as set forth in claim 6 including is 
means for applying a positive electrical voltage to 

said first probe. 

8. An apparatus for detecting a leak from an object, 
comprising: 20 

a bubble channel device for collecting bub- 
bles emitted from an object; 

a bubble detecting assembly adjacent at a 
predetermined angle with said bubble channel 
device for detecting a predetermined volume of 25 
bubbles collected to indicate a leak; and 

said bubble detecting assembly compris- 
ing a first probe extending into interior of said 
bubble detecting assembly and a first fiber optic 
opposite a second fiber optic connected to said 30 
bubble detecting assembly whereby said fiber 
optic emits a light beam into the said second fiber 
optic. 

9. An apparatus as set forth in claim 8 wherein said 35 
first fiber optic is connected to a light source and 

said second fiber optic is connected to a photo- 
sensor, whereby the first fiber optic emits a light 
beam through said bubble detecting assembly 
into said second fiber optic such that a bubble ao 
passing therethrough diffuses the beam to form 
a start signal for collecting the predetermined vol- 
ume of bubbles. 

1 0. An apparatus as set forth in claim 8 wherein said 45 
bubble channel device further comprises a bub- 
ble collecting tube having a generally inverted U- 
Shape. 
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